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Photosynthesis Under Field Conditions. XA. Assessing Sources and Sinks of

Carbon Dioxide in a Corn (Zea mays t.) Crop Using a
Momentum Balance Approach 1

E. R. Lemon and J. L. Wright2

ABSTRACT requires vertical profiles of mean windspeed, vertical
I . . t. e descr.bed a meteorolo Profiles of mean carbon dioxide concentration andn a prevIous commumca Ion w I - '" h f 1. fgical method of assessing the vertical distribution of pho. represent~tIve vertIcal profiles of.t e 0 lage sur ace

tosynthesis and respiration activity in a com crop. The area densIty of the plant communIty.
method, however, is tedious. Here we describe a much
simpler method. Results indicate that all the leaves of THEORY
a com crop appear to follow the same near.linear light . . ..
response curve, at least above the compensation point. Given the vertIcal flux mtensIty of CO2 through
Below the compensation point, all leaves evidently respire two horizontal planes within a plant community, the
very little. difference between the two intensities gives the source

Additional key words: Com Canopy, Respiration, Light strength (respiration) or sink strength (photosynthe-
response, Photoefficiency. sis) of the layer of foliage between the two planes.

The vertical flux intensity of CO2 across each plane
REVIOUSLY, Wright and Lemon (1966a, 1966b) at height z above the ground is given byP described an aerodynamic method for evaluating P = K. dC/dz [I]

the source and sink distribution of carbon dioxide in where P is the flux intensity taken to be positive down-

plant c?~munities.. D~ta ~ere pre~ented for a corn wards in gjcm2jsec, Kc is the CO2 diffusivity coe!fi-
crop, g!vm.g q.uantItatIve I~fo~matlon about photo- cient in cm2jsec, dCjdz is the CO2 concentratIon
s~nt~etIc fixatIon and re~pI:atIon relt:ase of carbon gradient, C is the CO2 density in the air in gjcm3, and
dIoxIde, layer by layer, wIthI~ the .cro.p. . z is height in cm. The gradient dCjdz is the slope of

With th~ method, the. vertIcal dIstrIbutIon ?f CO2 a mean CO2 concentration profile at the specified
concentratIo.n ~nd the wmdspeed of the bulk aIr ~ere height z. The difference between the previously re-
measured wIthm and above the crop. The analysIs of ported method and this simpler one, called a momen-
t~e w~n?speed m.e~surements.to calcul.ate the nece.ssary turn balance approach, lies in the evaluation of Kc.
dIffuSIVIty coefflae.nts requIred tedI?US. analysIS of The analysis of wind profiles by a momentum balance
windspeed fluctuatIons and. the applIcatIon. of co~- has been discussed by Uchijima and Wright (1964)
plicated statistical and mixmg .length theorIes. It. IS and Wright (1965). With the reduction in horizontal
our purpose to present here a sImpler method, whIch windspeed at the plant surfaces, there is a transfer of

momentum from the wind stream to the plant. Leaf-. Contribution from the Northeast Branch of the Soil and waving and stalk-bending are manifestations of the
'Yater .Conservation Research Divisi.on, ARS, USD~, in coope.ra. frictional drag of the wind on foli~ge surface. The
tlon wIth the New York State AgrIcultural. Exp~rlment ~t~~lon vertical exchan

ge of horizontal momentum across aat Cornell University, and the AtmospherIc ScIences DIvIsIon,. ... d.ff . u. S. Army Electronics Command, Fort Huachuca, Arizona. De- wmdspeed gradIent IS gIven by a 1 uslon-type equa-
partment of Agronomy Series Paper No. 817. Received Sept. tion similar to the one for CO2:

23; i~~rch Soil Scientist (Physics), and Professor of Agronomy, T = P Km du/dz [2]
Ithaca, N. Y. 14850; forme~ly S?il ~cientist, US~A, Ithaca, N.. Y. where T is the mean flux intensity of vertical momen-
and presently Research SolI ScIentIst, Snake RIver ConservatIon . 2 h . h . hResearch Center, SWC, ARS, USDA, Kimberly, Idaho. turn exchange m dynesjcm at some eIg t z; p IS t e
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density of the air (0,00118 g/cm3 at 25 C and 1,013 MOMENTUM BALANCE
mb); Km is the diffusivity coefficient for momentum 2
in cm2/sec; du/dz is the windspeed gradient or the above top: 1:h=~[~J
slope of the mean windspeed profile at height z; and c..1 -
u is the mean horizontal wind velocity in cm/sec.

fiCCP 0 h -~In the application of the momentum balance meth.
od it must be assumed that Km = Kc. Km can be
found from Equation [2] by evaluating T and dujdz ~at the appropriate level of z, This requires two meas- az

urements in the field; the distribution of foliage sur- 00 m21Crrf3 0 -
face area of the Plant communit y as a function of I F:f7 (c de ) t Ud S-peeA

. . . ea a~ n!Ol y win u
~eIght and the mean 10- to 20-mmute wmdspeed pro- 't = momentum flux lo= crop rcughness
fIle from the ground to well above the plant com. ~ = air density h = crop height
munity. Fig. 1 schematically presents a generalized k = Karman constant C = drag coefficient

. d d f ' l d f I . d . D= crop dispacement (assumed constont on z,u)
mean wm spee pro I e an a 0 Iage area ensIty
profile. The figure also shows the method of evaluat- Fig. 1. Schematic representation of momentum balance analy-
ing Tz at a specific level z. First, the momentum flux sis for a plant community. Pr~iles of foliage surface density
intensity at the top of the vegetation, Th, (which is (F) and mean wind veloci~y (~) .are. illustrated. Total drag
the total downward flux intensity of momentum ) is at the top of the communIty IS .m~ca.ted by (TO) and drag

. . . ,. of the canopy layer from z to h IS mdlcated by (T,) at level
deter~med fro.m an analysIs of the .log dIstrIbutIon of z. The drag coefficient is defined as (C). Other symbols are

the WInd velocIty above the vegetatIon by as found in the text.

~ j 2

T h = P II ku ; [3] test periods with cup anemometers (Thornthwaite Assoc,") placed
Ln (z - D) Zo above the crop 465, 385, 345 and 325 cm above the ground, Crop

height, h, was 285. Mean windspeed within the crop was de-
h k . h K (04) D . hei ht termined by averaging I-second readings for the 10-minute test

W. ere IS t e von arman .constant, IS a g period from the continuous recorder traces obtained with the
dIsplacement parameter (m cm) for the plant com- heated thermocouple anemometers (Hastings-Raydist) placed
munity and Zo is the roughness coefficient in cm, Sec- 325. 275, 2~5, 175, 125. and 75 cm above the ground.
ond, Tz is evaluated by "partitioning" the momentum 2. SamPlmg procedure '.or CO.' Man1;' improvements have
ext act'on w'th de p th into the P lant communit y above bee~ made over th~ samplmg a~d ,analytical methods reported

r 1.. I earlier for calculatmg carbon dioxide exchange rates, In the

the specIfIc level z by earliest work (Lemon, 1960) carbon dioxide profiles were ob-

tained above the crop by simultaneously sampling the air above
T T - 'T fh 2 the plants at several levels using single hose openings as point

Z - 0 - h - P CD F u dz [ 4] sinks at each level, No attempt was made to obtain horizontal,

z spatially integrated samples, though the samples were time inte-
. , . .. . grated, In more recent work concerning CO. profiles within

where CD IS the drag coeffIcIent (dImensIonless); ~ IS the vegetated canopy of a corn crop (Wright and Lemon. 1966b),

the leaf or foliage area density, and h is the heIght a spatially integrating sampling procedure was used; however,
of the plant community. The drag at the soil sur- air samples were taken in time ,sequence at the several levels
f . . d d b I' 'bl ' dense lant above the ground rather than simultaneously, Thus the pro-

ace, To, ~s. conSI ere. to e neg 1&,1 em. P files could have been nonrepresentative as a result of time fluctu-

cOmmUnItIes, thus m the analysIs of data It IS as- ations in carbon dioxide concentration, This error was mini-
sumed that To = O. mized, nonetheless. because the sampling time was (a) relatively

Finally, the diffusivity coefficient is determined long (10 min) c?mpared to ~he usual 1/3 to 1/2-cY,cle-per-~inute
f b t k 'n g the slo p e du / dz of the mean wind- CO. ,concentration fluctu,atlons commonly experienced I~ our
rom Tz y. a I , .. , cornfield, and (b) relatively short compared to the diurnal

speed profIle at the specIfIc heIght z and solvIng for fluctuations in CO. concentrations, In order to avoid the previ-

Km by Equation [2]. ous possible sampling errors due to time and space fluctuations
We shall take up the mechanics of evaluating the in CO.. the following improved sampling procedure was de-

drag coefficient CD, in E9uatic;>n [4], a,s well as the ve~p:'ies of perforated sampling hoses were suspended hori-
other parameters after diSCUSSIng the fIeld measure- zontally and connected to the suction side of individual air
ments. pumps, This provided the means of spatially sampling the air

at the various desired heights within and above the crop canopy,
PROCEDURE Continuous and simultaneous subsampling from the exhaust

side of each pump into 24-liter PVC beach balls gave a com-
Th f ' Id t d lea day P osite sample. providing a time integration over the 10-min

e necessary Ie measuremen s were ma e on a cr. I" d

September II. 1963, in an 8-ha (~O-acre) cornfield at Ellis 1:101- sa~~~~o!e~l~d'garden hose of 2 cm ill was used both for

low (Ithaca). New York, The site was that of the prevIous ' , 7 ' ,
h 0 Id (W ' ht d L 1966 d 1966b) Th (M 3) samplmg and lead-m hoses, A .5-m section of hose Wit, -cm-stu y rig an emon, a an ,e corn - , h d ' II d I ed h h '

II t d' 74 ( 29' h ) th th t d 't diameter oles rl e every 5 cm serv as t e orlzonta
was p an e m -cm -mc nor -sou r,ows a ~ ensl Y spatial sampler at each given level, Each was connected to a

of 26,000, plants per acre, The crop was luxurlan~, havmg been 30-m lead-in hose running along the ground downwind to an

well fer~llIzed and amply ,watered by favo~able rams, All I~aves instrument trailer housing the pumps and analytical equipment,

were, stilI green and evidently very active photosynthetically The 7,5-m sampling hoses were suspended on a wire frame at

despite the late date, ,,;..h. ".,..1~. ." .h~ """., """,. ".,,'1 .h~ ",,~y,,;l;.,.. ",;",'1 s"",;" 1
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canopy with the topmost smaller leaves and corn tassels extend- was used as the reference. The air from this balloon provided
ing another 50-60 cm above. The lead-in hoses were connected reference air to the "reference" cell, and each of the other five
to suction pumps, each having a capacity of 28 liters per minute. sampling balloons of a given series was analyzed in turn by
This permitted uncontaminated sample air delivery with little connection to the "sample" cell. During the analysis of each
delay. of the five samples against reference, the lead hose connections

Experience has shown that our relatively high lead-in air-flow to the analyzer were reversed at least twice. This in effect
rate is important when using plastic tubing because some CO. mechanically reversed sample and reference cells of the analyzer,
diffuses through the tubing walls when the lead-in is permitted providing a check on each analysis and indicating any possible
to lie on the ground. Also, the inevitable slow evolution of shift in instrument zero.
organic gases out of the hose walls seriously contaminates the The instrument used for the differential analysis is of special
sample air if flow rates are too low and/or lead-in is too long. design, having a range of :f: 12.5 ppm with a sensitivity of :f:
Fortunately, if used properly PVC garden hose is convenient, 0.2 ppm. Other details of the instrument are reported elsewhere
inexpensive, relatively impervious to CO.. and of sufficient (Wright and Lemon, 1 966b). This instrument and another unit
diameter to easily incorporate an internal heater wire. Internal used to measure absolute concentrations of CO. were calibrated
heater wires are required to prevent water vapor condensation. with commercially available standard gases. Experience has
(We have found, however, that mice chew heated PVC hose shown that both instruments become very stable after 2 or 3
during the cool seasons.) weeks of continuous operation. requiring only an occasional

Two reasons are emphasized for preventing water vapor chec.k on calibration span and zero.
condensation in sample and lead-in hoses with internal heater Air from the 225-cm level was continuously monitored for the
wires: (1) condensed water absorbs and evolves CO., imparting absolute concentration of carbon dioxide. This permitted the
historical effects on any given sample, and (2) differential evapor- expression of all profiles on an absolute basis.
ation or condensation of water in the sampling hoses creates S,in.ce t~e present study concerns. t~e ,:ertical distributi?n of
wide differences in water vapor content in the air samples. This activity withIn the canopy, emphasIs IS given to those serles of
causes serious analytical problems with infrared analysis for samplings that provide complete profiles within the canopy.
CO.. It is impossible for most of the commonly used commercial One. profile above ,the canop¥ is presented in Fig. 2, however,
infrared CO. analyzers to completely discriminate between water for Interest. Experlment~} I;>°I~tS have been ,plo~.ted at the 310-
vapor and CO.. Water vapor can give an erroneously high cm,level for many ?f the ,,!Ithm c~nopy profiles. . These 310-cm
measurement for CO.. For studies where small CO. gradients pom~s are to ~e viewed wI~.h .cal!tlon, ho~;:ver, ~mce they were
are measured, water vapor errors have to be eliminated. Either obtal,?ed 30 ml~. after the wI~,hm canopy. profiles were ta~en.
the water vapor must be removed from the sample air before Invariably the above c~no~y ~IO-cm pom.t fell to the right
analysis or the measurements must be corrected by knowing ?f the extrapolated profile line m t.he morning a,?d to the left
both instrument discrimination characteristics and water vapor m the aftern?on as one would predlc.t, They are Included .here
content of the sample. In these studies the water vapor was only as .a guide and w.ere not used m subsequent calculations,
removed with magnesium perchlorate before the sample air 4. FolIage area .denslty meD;Sure':71ents. The surface area of
passed into the storage balloons. Magnesium perchlorate is a leaves and stalks m 50-cm .helg:ht !n.crements was .m.easured on
preferred absorber. (The same cannot be said for silica gel each of twenty representative Individual ,plants. glv~ng a total
because it imparts historical effects through absorption and of 20 area measurements for each of the five height Increments.
evolution of CO. to a given sample of air.) (See Tamm, E. and The surface area of stalk and tassel in the sixth or uppermost
Krzysch, G., 1959.) height increment was also. est.i~ated. The 20 plants chose,? for

3. Analytical procedure for CO.. Since there were only six arc;a measurements. were mdl':ldu~}ly se!;:cted.. on the .~asls of
pumps available and nine sampling levels, cyclic sampling and height and stem diameter, being: mean or standard plants
analytical procedures were used. That is, six levels at 35. 95. ch.osen out of th~ large .populatlon. . The leaf area w~s deter-
135, 165, 190. and 225 cm were first sampled simultaneously. mme.d o~ a one-side basIs by measurl,ng l.ength and width and
The air was stored in six balloons then subsequently analyzed. multIplYIng: by the factor ,0:75, and e~tlmatlng what part of each
During the analysis of these first six samples, a second series lea~ fell withIn the sp,eaflc 50-cm I~crements. Stal~ area was
of six levels, i.e. 165, 190, 225, 250, 280, and 310 cm were sam- estimated from stem diameters, treat!ng them as cylinders.
pled, filling a second series of six balloons for subsequent From the.av.erage leaf area. (one side) and average stem area
analysis. It was convenient to make simultaneous wind and per plant withIn each 50-cm Increment, we plotted the accumu-
carbon dioxide runs of 10.min duration twice each hour. Thus lated surface area from the top of the crop downward. A smooth
each of the two series of six levels was sampled once each hour. curve v.:as then constructed thro~gh the. points. From t~is

After filling a given series of six balloons, analyses immedi- cu'?lulatlve curve, and th~ population density, a represe.ntatlye
ately began. This consisted of attaching two balloons to in- foliage area density profile was constructed as shown m Fig.
dividual aquarium pumps which were matched to give equal 3 and 4.
flow rates into each. of the two ~ells o~ the infrare.d analyzer. 5. Data anal ysis. Experience has indicated (Wri ghtFlow rates were adjusted to 1 Ilter/mm and monitored con- .. . '
tinuously. The outlets of the two cells of the analyzer were to 1965~ that more r.ep:resentatIve wmd pr~fIles can. be
ambient atmospheric pressure. The air from the 225-cm level obtamed by comblmng numerous short-time profiles.

Z
cm

cP°'l. <1'°" Ob~O 01cf' 01"" (/'-1' o~"" ,cP" "OJ" ,'I."" ",,~ ,~.p ,."", ,b"~1"", I I I .
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CORN CORN
SEPl: 11,1963 1.5 SEPT. 11,1963

Z1.0 -- Ii"
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Area = 0.0835
LAI =4.48 h = 285 cm

. 2.04. 0 1 2 3 4 5 0.5 1.0 1.5 .02 0
Fz(cm~m3) (~)2Fz(inCm2/Cm3X1(J3) Uz/Uh Fz.(cm1)

h
Fig. 3. Foliage area density profile (F.) and drag distribution Fig. 4. .Foliage area de~sitr profile (!.) and ~elative II.1ean wi~d

«U./Uh)" F ) in a cornfield. Ellis Hollow N. Y. ~eloclty (!l./Uh) profile In a cornfield. Wmd ~eloclty profile

. , IS nonnahzed and represents a mean of all profiles taken dur-

ing the day, September 11, 1963, Ellis Hollow, N. Y. The
Therefore, all the wind profiles for the day were indi- slope of the .profile at a given level z is indicated by du/dz
vidually normalized on the basis of the windspeed at and dashed lIne.

a reference height and then averaged to give a mean
normalized wind profile. This is presented in Fig. 4. .:!:..

A Systematic computer analysis of several hundred 1Oh - - - CORN - - - - - - - - - - - - - -
. . .' SEPT. 111963 h.285cmlog wrnd profiles taken throughout the growrng sea- .

son in 1961, over a similar corn crop at the Ellis Hol- Kh.cm2/sec

low site, provided us with good representative values 0755hr 1360
f h I f ' l ' d . d . E 0955 1900
or t e og pro I e WIll parameters requIre rn qua- 1155 2100
tion [3]. The resulting parameter D was 140 cm and 1255 2500
the ,!,ou.ghness coefficient Zo was 15 cm. Experience 0 ~~;: ~;~
has rndlcated that Equation [3] does not have to be 1555 2100
corrected for non isothermal conditions when soil mois- :~~~ ;~:ture is plentiful and thermal convection is therefore '

small.
We now need to return to the problem of determin- 0

ing the diffusivity coefficient Km from the momentum o. K / K .
balance. The momentum extracted from the wind z h
st~eam is related prima.ri.ly to the. foliage area. "!,he Fig. 5. Mean nonnalized profile of diffusivity coefficient (K./
soIl surface plays a neglIgIble role rn dense vegetatIon. Kh) representing all profiles taken during the day in a
Thus the total momentum flux or drag, Th, can be cornfield, Ellis Hollow, N. Y.

defined by:
(h graphically by determining the area under the curve

Th = J- P CD F u2 dz. [5] of the vertical distribution of the product F U2 from
0 z = 0 to z = h. Fig. 3 gives the results; it really

F and u are functions of height z for which we have presents the distribution of drag in the corn crop.
field measurements. However, based on laboratory Having evaluated CD, a vertical distribution of mo-
results concerning the drag coefficient CD for fully de- mentum flux intensities, Tz, was determined by Equa-
veloped turbulent flow, and in the absence of more tion [4]. Vertical profiles of the momentum diffusiv-
detailed field measurements of CD, we assumed CD to ity coefficient, Km, were constructed from Equation
be independent of height and windspeed. This per- [2].
mitted solving the equation for CD: h

\~h 7'z/p (Th/P)-CD i Fu2 dz
CD=(Th/prt Fu2dz [6] Km ="'dU7dZ = dU/:Z [7]

Thus, if the total drag, Th, the foliage area density, Fig. 5 presents the mean normalized profile of the
F, distribution with height, and the main windspeed, diffusivity coefficient for the day. The absolute values
u, distribution with height are known, CD can be at the top of the community (Kz/Kh = 1.0) are given
calculated. This gives a mean drag coefficient for the for the specific hours of the ~ay in t_abula~ form i~ t~e
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>.oP Qf (3) The light compensation point is directly related
~ 0755 x F in some way to the level of total photosynthetic ac-;0 /0 tivity of the canopy.

" / 0 (4) The respiration rate is very low and curiously
0.02 50 . .

0 becomes rather constant once the compensatIon poInt~ I x 0 x T is reached. Evidently lower leaves of corn are not
~ In 1~55hr 0 7 x dm hr very "parasitic." The respiration rates and compensa-

Q0101 /0 25 tion points seem rather insensitive to temperature
0 x since they varied: 14 C at 0755, 19 C at 0955, 23 C at

! 0/ 0...0955 1358 and 19 C at 1755 hours.x/ x...1358 . . ...0+--: ---/- - - - - - - - - - - - - - - - - - - -- 0 Turmng back to the dIfferences noted In FIg. 8, It
1 ox/o~ x. CORN can be seen in Fig. 9 that the light response curves for-0.005 0 0 SEPt 11.1963 both the 0955 and 1358 hours are alike except for

0 0.1 0.2 0.3 0.4 0.5 0.6 the upper two or three leaf levels at the top of the
RAOIATION FLUX, I, (cal/cm2/min) canopy. As mentioned previously, the upper leaves

. . might have been under water stress at 1358. Evidently
Fig. 9. Light response curves for com plant community as m. h d ' ff . h . F.

8dicated by hour. Radiation flux is incident intensity (0.3.0.7JL t e gross I e.rences In t e t":"O curves In Ig.. ~an
wave length). Photosynthesis and respiration express.ed on a be fully explaIned <?n ~he bas~s.of a gr~at~r radIatI?n
foliage area basis as CO. exchange or energy equivalence. flux at 1358. The IncIdent vIsIble radIatIon flux In-
Each point at a given hour represents a given leaf level in tensity at the top of the crop was 0.51 caljcm2jmin
~e caQopy. b~gin?ing ,:"ith the top le.aves at 225 cm. at the at 1358 and 0.45 cal/ cm2/ min at 0955.highest radiation mtenSlty and progressmg downwards mto the .. . . . .
canopy in 25-cm increments with decreasing radiation. Not On the basIs of vIsIble l~ght !ntensI.ty, the slope of
all 1755 and 0755 points near the bottom of the canopy the 0955 and 1358 curves In FIg. 9 YIelds a photoef-
are plotte~. Each point. is the "mean" response of all foli- ficiency of 7.3%. The other two yield efficiencies
age at a given level. Ellis Hollow, N. Y. greater than 25% during periods of low radiation.

. In summary, despite the assumptions required in
tlon of the 1358 curve compared to that of the 0955 the momentum balance analysis, the end results seem
curve. reasonable. This may be due to blind luck in choosing

As for ~urther eluCIdatIon of lIgh~ rela.tIonsh!ps In the test crop. Several reasons can be given as to why
the cornfIeld let u~ look at some lIght IntensIty re- corn might be a lucky choice: (1) First, corn is a rela-
sponse curves.. In FIg. 9 ar~ plotted the. CO2 ex;chan.ge tively open and uniform system. (Several subsequent
rate~ on a folIage area basIs as a functIon of lI~ht In- points arise from these conditions.) (2) Open structure
tensI.ty. The exchange rates now. are expressed In con- prevents development of large gradients in light, wind,
yentlonal energy. an.d mass umts. usually e~ployed temperature, water vapor and carbon dioxide. Thus
In the agronomIc lIterature. FolIage. area Includes corn leaves in different portions of the canopy are
leaves and sta~ks. However, stalk area IS an extremely not exposed to as wide a variation in climate as leaves
small .prOp?rtIOn. of. the total compare~ t.o leaf ar~a. in a compact system such as clover. This prevents,
The. lIght ~ntensIty IS e".pressed as radI~tIon flux In- for example, wide respiration differences due to wide
tensIty fallIng on.a horIzontal surf~ce In the 0.3 to temperature differences. This also prevents disease
0.7/L wav~ length Interval. Each pOIn~ plotted repre- due to wide variation in humidity. (3) Good wind
sents a dIfferent 2~ ~m layer. of .leaves. In the cornfIeld flow characteristics in corn may favor a high Reynolds
for the hour specIfIed, begI~mng WIt~ ~he top leaf number so that the assumption of constant drag coef-
level of 225 cm a,t the maxImu~ radIatIo~ for that ficient is more realistic than in a compact system.
h<:>ur and pr<?ceedI.ng d<:>wnw~rd In 25 cm Increments (4) Forced convection in an open system makes more
wI~h decreasIng lIght IntensIty. Not all the lower realistic the assumption that Km = Kc where "free"
pOInts are plo~t~d for the 07~5 and 1755 hours. convection is probably not as important to diffusion

.Several sIgnIfIcant observatIons can be made from as in a compact system. . .
FIg. 9: . Probably the energy balance method of determInIng

(1) Appa!ently all leaves at a~y gIven h<:>~r follow the diffusivity coefficient is more correct in compact
the same lIght response curve In well-fertIlIzed and communities, and the momentum balance method is
,,:,e.Il-w~tered full-grown corn rega~dless of the leaf po- more applicable to open canopies under good wind
sItIon In the canopy, at least untIl the compensatIon conditions.
point is reached.

(2) The light response curves are remarkably linear. REFERENCES
This perhaps should be expected on two counts. In All L H J d K. k W B 1965 Sh t d. t.h f . 1 h . d en, . ., r., an Ir . rown. . or wave ra la Ion
t e Irst pace t e cur,:es represent Integrate resl?onses in a corn crop. Agron. J. 57:575-580.
of leaves at all angles In a dense random array wIth an Baker, Donald N., and Robert B. Musgrave. 1964. Photosynthesis
LAI of 4.3. Baker and Musgrave (1964) using another under field condili.ons. V. Further plant chamber studie.s
technique, obtained near linear response for the whole o~ the effects of light on corn (Zea mays L.). Crop SCI.

-. -- TAT ~f 1I,j .~ ,j II T" .b~ ~~"""'~ ",1",,~ 4.127-131.
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